HOW BIG IS THE GLOBAL 
WEED PATGH?' 


Clinton A. Jenkins 2 and 
Stuart L. Pimm 22 



Abstract 


Invasive species arc a major gloltal lineal to both biodiversity ami agriculture ami thus arc a high priority for 
conscivalion science. (»overnments recognize ibis ami are devoting increasing resources toward solving (lie problem. 
Kven so. there is inadequate information on where invasives occur and thus where society can best use these resources. 
Disturbed areas tend to be very favorable In invasives. especially the weedv species. We map die world's disturbed 
areas, the global weed patch, using maps of original and current landcover. At leasl 20.4 million km 2 (ea. 2.4%) of the 
world’s ice-free land area is disturbed and thus favorable for invasive species. This weed patch map corresponds well 
In known locations of some of llie world's worst weeds, lending support to our approach. Our results should help in 
selling geographic priorities for actions against invasive species. 

Key wonts: disturbance, global change, invasive species, landcover. weeds. 


Organisms have 


moved—and been moved 


around the planet for millennia. Imt never in the 
numbers and with such speed as today. Most are 
benign, bill a dangerous lew cause major environ¬ 
mental problems. Invasive species may thrive in 
their new environment and dramatically change the 
dynamics and composition of flit* ecosystem, be¬ 
cause of our lack of vigilance, we now suffer large 
economic losses in agriculture (Pimentel et al., 
2000). suffer disrupted water supply and riverim 


\\ iiebe Do Si’egies Invade? 

I lie simplest answer to this question is "every¬ 
where ! (.onsider the flora of Britain: It includes 
Polygonum amplexicaule I). Don from llie Hima¬ 
layas. Diantluis earyophyllus L from southern Eu¬ 
rope, Papaver somniferum I,, from western Asia, 
Coronopus didymus (L) Sm. from South America, 
Kilims speetabilis Pursh from North America, and 
Acaena novae-zelandiae T. Kirk from New Zealand 
(Blarney & (>rey-Wilson. I0B0). These examples 


, | I V. WICt- Y* Il.-'IHI, I 707 . I IICSC eXiUllOICS 

transport (e.g., zebra mussel (Dreissena polymorph a) . , , ,, ... . . ... / 

... , tf , , . , „ v show that when a flora is well known il is likelv to 

and Asian clam (C orlucula Jiununea), Pimentel el 


. , . , , . . include species from around the world. Britain's 

al., ZlHHI), and witness trie degradation or even re- ,. n . . . 

, c species-poor native nora nowaeeotninodatesaglol)- 

placement of entire ecosystems (e.g., purple loose- j fj,,,., • . • * . , r i 

•cut ,. . ; rill nii c i\ tloia. species can he introduced from anywhere 

strife (Lytnrum sahcaria L), I hompson et al., 1987; 

Pimentel et al., 2000). Growth of the global trade 
network results in a concomitant growth in the 
problem, and this is unlikely to change in the near 
future. As the problem is inherently global, we must 
develop a global strategy to solve it. 

Much invasive species research focuses on iden- i| ie absence of an ideal database, we selected a sH 

Hiving characteristics of species that enable them () f species from the Worlds Worst Invasive Alien 

to invade. The idea is to identify who will invade 

and then restrict their movement around the world. 


to anywhere, it would seem. That said, it is clear 
that some species are more likely to be introduced 
than others, and some areas are more likely to re- 

mf 

ceive invasive species than others. 

Our argument is that disturbed areas are the 
prime habitats for invasive .species. Recognizing 



is ee 


rtainly a vital approach to solving I lie 
problem, but it need not be the only one. This pa- 


Species list compiled by Lowe et al. (2001) to see 
il they occur predominantly in disturbed areas. The 
top three plants, and the number of countries in 
which they occur, were Ixintana caniara L. |5I|, 


per lakes an alternative approach. We attempt to Chromolaena odorata B. M. King & II. Bob. [381. 


identify where they will invade rather than who tin 


m\ 


aders 


rs w 



be. 


and Leucuena leucocephala (Lam.) de Wit [371. 

I he counts of countries are a little misleading in 
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lhal Ihev are dominated l>y small, usually Pacific surprising that invasive species are such an ecu- 

W 

w 

island nations. Nonetheless, all three species have logical problem, 
invaded large areas. Chromolaena odorata, native 

to tropical America and the Caribbean (Holm et al.. A First Assessment of tiik Size OF THE 

1977: 212-216: Holm et al., 1979: 85), invades Weed Patch 


pastures and croplands in much of tropical Alrica 
and Asia, the Southeast Asian island nations, and 
Australia. Luntana camara, native to Central and 
South America (Holm et al., 197/: 299—502: Holm 


Global assessments of landcover change provide 
a series of somewhat overlapping estimates of dis¬ 
turbed habitats. A rough estimate ol the size of the 


el al- 1979: 207). is a widespread invader of pas- weed patch comes from combining the areas of < ) 

I I . III. /0\ .1 I I wr lotwlc <1 n/l i \\ 

turelands in Southeast Asia. Australia (where it is 

d of National Significance), parts of southern 


cx- 


Africa and Madagascar, the Mediterranean, and 
Ireme southern parts of the United States. I A' iixacmi 
leucocephala is native to tropical America (Holm et 

al.. 1979: 214: Lowe et al.. 2001), but in its non- 

native range can form dense, almost monospecific 

stands that render large areas . 

it occurs in China, most of the Pacific Him islands, 

and Australia. 


roplands, with (2) degraded grazing lands, and (3) 
the areas of cleared forests that are not in produc¬ 
tive use. 

(1) Of the icc-Iree land surface ol about 129 mil¬ 
lion km 2 , croplands cover about IS million km 2 ol 
the planet. All but 4 million km 2 were converted 
from naturallv wooded or forested ecosystems 

w 

(Pimm, 2001). 

(2) The world’s drylands cover roughly 61 million 

km 2 —an estimate that includes deserts, grasslands, 
shrublands. and savannas. The area varies from au- 


. •II* 11 SillUUlallua, aim savannas. uii> 

All three species occur in heavily disturbed ar- , , .. . 1 

” . . . thor to author depending on what one means by 

_ I I . . . . . - 1 . w I « • , 1 i . , 1 i 1 t i i I / vi I I II V / l 1 cl* It’ 


eas. as do many other widely distributed invasive 


44 


dry" (Pimm, 2001; Vitousek et ah, 1986; Olson et 


species, such as Mitnosu pigra L., various species ^ 1983) 

of Opuntia, and Ricinus communis L. Another way 3 J f |hc wor y s ( |rvlands suffer from desert- 

to view this problem is to survey disturbed areas. ificali()n _ a )arge portfo i io of mo stly human-caused 

Throughout the tropics, it is our experience that prob , ems , hal ( i epress p | an , productivity. Some 23 

disturbed habitats will have at least one and often milli(>n km 2 o( lbe drylands have damaged vegeta- 

several of these listed species. Often they will be ^ (i) regne> 1986). This often means the spread 

common; sometimes they will be the dominant spe- 

w 

cies. Searching for “worst weeds on the World 


or incr 


of unpalatable plant species following 

overgrazing by cattle, goats, and other livestock 
Wide Web produces a list of repeat offenders that (Young & Longland. 1996: Archer, 1994: Bahre & 

cause economic harm to croplands and pastures. Shelton. 1993; Van Auken. 2000). Those will some- 

Mosl are exotics, but not all. times be native species. For instance, mesquite(na- 


In short, these and other examples suggest that bve Prosopis spp.) has dramatically increased in 

invasive species occur predominantly in disturbed densitv over much of the southwestern United 


ecosystems. By “disturbed, we mean major eco- States (Bahre & Shelton. 1993; Archer, 1994; Van 
system changes, such as conversion to croplands, Auken, 2000). More often, the weeds will be exotic 
grazing lands, urban areas, or anthropogenic ones, invasives such as Opuntia in Australia and Africa. 

(3) Another 40 million km 2 ol the land surface 
has forests or woodlands ol one kind or another. 


such as grasslands where there was once forest. 

■ will not further belabor this connection be¬ 



tween invasive species and human-modified habi- another 8 million km 2 are tundras, and the remain- 

tats. for it is well-established and not obviously ^j er includes wetlands and urban areas (Olson et 

controversial. Rather, we accept the connection and a j ^ 1983). 

move to the problem of estimating how large a frac- The conversion of forests to other habitats is 
tion of the Earths land surface humans have mod- more complicated, since most ol the worlds crop- 

ified. Since invasive species in these disturbed lands were once forests—and so , 

habitats are often deemed to be weeds, we can re- counted above as croplands. Most of the converted 

phrase our question to: How big is the global weed forests are in temperate regions. About 2 million 


patch' 2 


km 2 of these forests have also been converted to 


We proceed by estimating the size of the weed grazing lands (Pimm, 2001). 


patch al first global, then regional levels. Globally, 


Modern human actions have shrunk the worlds 


the area of disturbed habitats is large. Regionally, tropical humid forests from an original area of from 
we find that our global estimates are too small, lor 14 to 18 million km 2 to about 7 million km at 
there is much disturbance that they miss. It is not present (Myers et al., 2000; Pimm, 2001). 


Again, 
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the exact numbers depend somewhat on what one to identify landcover in ca. 1992. As the primary 

means bx humid. Yet only about 2 million km J concern of our study is disturbance (i.e.. areas vul- 

W 

of croplands are in what was formerly humid for- nerable to invasion), we locus on the disturbed 
esls. Some 5-9 million km* of humid forests have classes of the GLCC (croplands, mosaics of crop- 

I I * • A — 

lands and natural vegetation, and urban areas). The 
resolution of this map is approximately one km* at 
the equator. 

Vie also identify areas that have changed land- 
million km 2 of present-day croplands., 2d million cover, hut not necessarily into croplands or urban 

knr of drylands, 2 million km- ol temperate forest areas. For example, the conversion of forests into 

converted to glazing lands, and (tom 5 to ^ million grasslands lor grazing vvill not appear as disturbed, 

km of additional forested land not piodunng crops but it obviously is. (Grasslands are a natural type 

1 A ■ . V I 


been converted to nominally grazing land, though 

much of it has very low stocking rates (Pimm, 

2001 ). 

Summing these three pieces suggests that 15 


have sustained sufficient changes to their vegeta¬ 
tion to make them target areas for invasive species. 


ol vegetation, but not where the original vegetation 
was a humid tropical forest.) We do this to assess 


The combined total is just undei hall the ice-lree potential error causes and means ol improving on 
land surface. The potential weed patch is huge. 



is approach is inevitably approximate and 


our main analvsis. 

The current data sets arc nut adequate fur a eom- 


must miss many details. In particular, it does not plele and detailed analysis of landcover changes of 

L J ft A AAA m _ _ _ 


map where these disturbed lands are. To both refine 


all ecosystem types. The BIOME and GFCC maps 


curacy, we vv 



these estimates and piovide a check on their ac- use 1 different classification schemes for vegetation 

now explore detailed estimates of that make matching corresponding classes between 

landcover. We do so first at a global scale, then at them somewhat arbitrary. For example, the GLCC 

regional scales. Our analyses relate 4 primarily to the map has an “open shrubbiml” class that eorre- 

once-lorested half of the planet since the remote spends to some grassland in the BIOME map. Flow- 

sensing imagery on which we rely does not so read- ever, open shrubland also includes areas that are 

ily detect the damage to drylands. obviously not grassland, such as central Australia, 

which the BIOME map classifies as hot desert. It 
A SPATIALLY Explicit Global Asskssmknt ok ' s uncertain that these changes represent land deg- 
CoNVKHTKI) Fohksts radation: more likely, they represent differences in 

classification schemes. 

for the global analysis, we use a Geographic In¬ 
formation System (ERDAS Imagine v 8.5) to com¬ 
bine a map of presumed original vegetation with an 
estimate of current landcover. The result is a global 
map where each pixel has information about its 
original vegetation and il it has changed, or not 
changed, into a different type of landcover. 


Rksiji.ts and Disci ssion 


Not surprisingly, the global analvsis confirms 
that humanity has disturbed a large fraction of the 


world (fig. 1). Of the ca. I2 ( ) million kne of ice- 
free land. ca. 27 million km 2 appear to have been 


I he original vegetation map is from the lute- converted to croplands, mosaics of croplands and 

natural areas, and urban areas. Table I shows the 
total disturbed area originating from each vegeta¬ 
tion type (rightmost column). Of the total disturbed 
area, 80% comes from just six vegetation types 
estimate potential nat- (bold numbers in Fable 1) that originally covered 


grated Model to Assess the Global Environment 
(IMAGE) project (Leemans & van den Born, 1994: 
Aleamo et al.. 1998: IMAGE team, 2001). In their 
Terrestrial Vegetation Model, the IM AGE team uses 
a modified BIOME model to 


ural vegetation using climate and soil characteris¬ 
tics. for a detailed description of this model, see 
Prentice et al. (1992) and Leemans and van den 


1< % of the land. Disturbance concentrates in tem¬ 
perate climates (temperate forests, warm mixed for¬ 
est. grassland/steppe) and the drier subtropical and 


Bom (1994). I he resolution of this map is one-half tropical vegetation (scrubland, savanna). Again, not 

degree of latitude and longitude. Color maps are surprisingly, most of this disturlmnee coincides with 

available from Ale; uno el al. (1998) and IMACK 
team (2001). 

I lie current landcover map is from the (Global 
Land Cover Characterization (GLCC) (Loveland el 
al.. 2000). A digital version is available al (http:// 
edcdaac.usgs.gov/glce/glcr.litml). This project used 

a one-year sequence ol AYHRK satellite imagery difficult to delect bv satellite. Most of the very cold 


I Ik* worlds human population and croplands, most¬ 
ly in the Northern Hemisphere. 

Grasslands, scrublands, and savannas have lost 
from a fourth to a third of their original area (Table 
I). but these numbers may be misleading. Distur¬ 
bance from livestock grazing on such ecosystems is 
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Figure I. Map of global disturbed areas, black areas include croplands, mosaics of croplands and natural vegetation, 
urban areas, and original tropical woodlands and forests that are now grassland, savanna, or woody savanna. Original 
vegetation is from the BIOME map and current landcover is from the GLCC map. This map uses a geographic projection 

and is not equal area. 


areas (tundra and boreal forest) and the very dry 
(deserts) escape major disturbance. 


c 


However, the GLCC data do not include separate 
ategories for dry habitats (such as grasslands) that 


Of the combined disturbed areas. 14.2 million are purported to originally have been forest (Love- 
km 2 are from once-forested areas (Table 1, sum of land et al., 2000). What happens if we assume that 


disturbed boreal forest, cool conifer, temp, mixed 
and decid. forest, warm mixed forest, and tropical 


these are also converted landscapes? We approxi¬ 
mate the area of forest to dryland conversion by 


woodland and forest). This seems to be a low esti- identifying tropical woodlands and forests that aie 

mate, lor we should compare it with the 11 million now grasslands, savannas, or woody savannas. The 

km 2 of forests that are now croplands plus a further area is about 2.4 million km 2 . Adding in this piece 

minimum estimate of 5 million km 2 of cleared trop- suggests that 16.f> million km of forest have been 

ieal forests not converted to croplands (above and converted. This is close to the lower estimate of 16 

Pimm, 2001). million km 2 based on combining independent es- 


Table I. Original area of each vegetation type, the area disturbed as croplands, mosaics ol croplands and natural 
vegetation, and as urban areas. Drylands are areas that were originally tropical woodlands or tropical forests (BIOMh 
map), but are now grasslands, savannas, or woody savannas (GI.CC map). All areas are expressed as 1000s of square 
kilometers. Totals may be different from the sum of the parts because ol rounding. 


Vegetation type 



Area (1000 scj. 

km.) 



Original 

Croplands 

Mosaic 

Urban 

Drylands 

w 

Total 

disturbed* 

Tundra 

6096 

7 

13 

0 


20 

Wooded tundra 

2586 

5 

6 

0 


11 

Boreal forest 

16,144 

399 

119 

6 


523 

Cool conifer 

3809 

686 

378 

10 


1074 

Temp, mixed forest 

6471 

2151 

1706 

67 


3924 

& 

Temp, decid. forest 

4677 

1842 

837 

62 


2741 

A. 

Warm mixed forest 

6189 

1503 

1185 

31 


2719 

Grassland/steppe 

17,800 

1975 

2078 

32 


4085 

Hot desert 

23,006 

274 

232 

6 


512 

Scrubland 

9745 

2013 

1356 

19 


3387 

Savanna 

15,926 

2775 

1962 

11 


4748 

Tropical woodland 

7485 

83() 

842 

10 

1629 

1682 

Tropical forest 

8893 

718 

843 

7 

767 

1569 

Total 

128,824 

15.178 

11,556 

260 

2397 

26.995 


* Does not include drylands. 
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l;il>l<‘ .2. Area disturbed through (lelnreslalinn and 
I li r< ni<* li edge elfeels in I lit* Amazon example. The area 
within 800 meters ol an edge includes 4986 km- of "nat- 

ural edge lorest (see text). All areas are expressed as 
square kilometers. 


8582 km - is grassland, savanna, or woody savanna. 

Including these as disturbed brings the total to 


7525 km 2 , which is still less than two-thirds of tin 


Year 

Area of 
forest 

Total area 
deforested 

A re a 
<500 m 

from edge 

Total area 
disturbed 

Original 

1992 

1 12,919 

1 (M ),974 

0 

11.945 

4986 

17,801 

0 

24,760 


TRFIC estimate. Kven alter correcting the GLCC 
map for unnatural drylands, it still misses a 



of the disturbed area. 

for the Atlantic forest example, we map lorest 
cover in 1999 using Landsat 7 KTM+ sate 



r mi- 


agery. Using standard supervised classification 
techniques, we classify seven Landsat images into 
forest and non-forest classes. We do not distinguish 
between natural and plantation forests, but mono- 

timales of forest converted to croplands (I I million speri,it ‘. ) >lanta,ions eucalyptus) are not a large 

km-) and tropical forests converted to grazing lands l ,ro l ,,,r " ,,n of rema | ni »8 forest in **iis area (pers. 

(5 million km 2 ); see above and I’imm (2001). 1 he Worl<! W il<lli,e Fl,nd ‘*uoregion map pro- 

This broad agreement is encouraging, but it also VK,es a ". estima,e (,f ori S inal foresl ‘‘"ver (Olson & 

Dinerstein. 1098). 

In the Atlantic Forest example, the analyses of 
Landsat imagery show that 91.992 km 2 of foresl. of 

surements of human impacts. That is a conclusion a " <>rigi,,al l27 * }{5<) k '" 2 ' has l)een l<,sl '<> ilefores- 

on which we now expand by considering two areas ,allon ; rhe area (,( dis| u«l>ed lands in the OLCC 

map is just 51,851 km 2 . 56 c /c of the Landsat-de- 

rived estimate. However, adding in forests convert¬ 
ed to dry lands increases the area to I I 1,000 km 2 . 


point? 


O.. 

to the dilficultv in transh 



g landcovei 


maps, with their inevitably arbitrary classiliirations 
ol vegetation cover, into ecologically sensitive mea- 


of forest conversion in more 



A Fink-Scai.k An ai a sis or Tuoimcai. Fomksi 


■* 


We selected two tropical forest areas in brazil 
with different disturbance histories to trv to identify 

• J 

what the global analysis is missing. 

The Amazon is relatively intact but has had hiirh 

J O 

rates of recent deforestation (i.e.. within the Iasi 80 
years. Skole & Pucker, 1993). Northern Mato (»ros¬ 
so slal<“, in the southeastern Amazon basin, is our 
example ol such recent anthropogenic disturbance. 


an overestimate of disturbance. 

In both examples, llie best fit of estimates from 
GLCC data to detailed regional estimates comes 
only when we recognize the conversion of forests lo 
obviously disturbed habitats (such as croplands) 
and less obvious categories (such as grasslands and 

savannas) that could be natural ecosystems, but are 
not. 

I wo factors contribute to these deficiencies of the 


In contrast, most of the Atlantic f orest was defor- GLCC map. One, the AVHRR imagery used i 
ested more than 50 years ago (Lundayao SOS Mala 

Atlantiea, 1998). I lie state of Rio de Janeiro and 

the surrounding area is our example of such his- tral bands are too wide and poorly positioned for 
torie disturbance. mapping vegetation, yielding inevitable errors. This 

For the Amazon example, we calculate defores- appears to contribute to the overestimation of de- 


m 

" m 

making the GLCC has limited ability to discrimi- 
mile vegetation types. The AVHHH sensors spee- 


forestalion in the Atlantic Forest example. The re¬ 
maining forest is simply misclassified. The second 


tation using forest cover maps from the Tropical 

bain Forest Information Center (TKFIC. 2002). VU 

use maps Ini 1992 to match the year of the GLCC factor is that the resolution of the regional analyses 

map. We also simulate the undisturbed condition (0.0009 km 2 ) is much finer than the GLCC data (I 

by replacing the deforested class in the 1992 map km 2 ) in the global analysis. This finer resolution 

with foresl. enables better detection of small areas of defores- 

Table 2 shows the deforestation statistics for the tation. Phis likely contributes to the underestimate 

Amazon example. Comparison of TRFIC maps in the Amazon example, when' there are many 

■ ■ ■-“ — — • 

small patches of deforestation. 

We do not know if these error rates are general 
for the global analysis. These are only two examples 


shows (hat as of 1992. 100,974 km J of the original 
112,919 km 2 of forest remained, yielding 11,945 
km 2 of deforested (disturbed) area. 


I lie global analysis significantly underestimates from relatively small areas. What they do indical* 


disturbance in this region. According lo the GLCC. 


* 

is a need for better global mapping of landeover. 



the Amazon example shows just 3943 km 2 of dis- At the time of writing, the GLCC was the best g 

turbed area. I hat is only about a third of the re- al data set available, but good prospects exist for 

gional estimate in the previous paragraph. Another 


refining our results. Efforts arc under way using 

• \ 
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MODIS (http://geography.bu.edu/larKlcover/inclex. the GLCC estimates are both too small. In short, 

html) and Landsat (http://www.geocover.com) sat- much disturbance—and much habitat for invasive 

ellite imagery to map the world at 250-meter and species—occurs on a scale too small to detect with 

30-meter resolutions, respectively. Vegetation map- global landcover maps. 

ping is a primary consideration in these sensors 

designs, so the resulting maps should better dis- Conclusions 


criminate vegetation types and their level of dis¬ 
turbance. The improved spatial resolution should 
also better detect small areas of disturbance. 


Invasive species are a growing problem (or die 


The Missing Edges 


We have mapped disturbed areas as best possi¬ 
ble using current data sets, but another part of the 
weed patch is still missing from our estimates. 
Laurance (1997) found forest edges to be vulnera¬ 
ble to invasives because of ‘ "edge effects” disturb¬ 
ing the forest community. Although we cannot as¬ 
sess how much edge forest contributes to the global 
weed patch, the one km 2 resolution is too coarse; 
we can estimate it for the Amazon and Atlantic 




world, both ecologically and economically. In re- 

Cy r * 

spouse to die problem, governments are devoting 
increasing amounts of resources toward the preven¬ 
tion, control, and eradication of invasives in many 

m 

parts of the world. To enable efficient use ol these 
resources, die scientific community needs to iden- 

w 

tify where invasives are likely to be a problem or 
become a problem in the future. 

Disturbed ecosystems are often favorable lor in- 

m 

vasives, a conclusion confirmed by comparing our 
map of disturbed areas with the distributions of 
some of the worst invaders. These disturbed areas, 
the global weed patch, occupy at least 29.4 million 
km 2 (23%) of the ice-free land surface. Other than 
the overgrazed drylands, which our analyses are 
unable to detect, the numbers broadly agree with 
independent estimates of disturbed area. 

The advantage of our approach is that it shows 
where those disturbed areas are and thus where the 
invaders are likely to be. Combining this with in¬ 
formation on who the invaders are likely to be 

mt 

should help in efficiently allocating resources to 
solve the invasive species problem. 


The regional forest maps have some errors that 
we must first correct. They have small gaps of non- 
forest, some of which may be natural, but many of 

J V 

which are small classification errors. These are in¬ 
significant for the earlier analyses, but can cause 
large areas of forest to appear to be near an edge, 
even if that edge is a single 30-m pixel. To account 
for this, we replace patches of non-forest smaller 
than 2 hectares with forest. The use of 2 hectares 
is conservative. It is larger than the presumed clas¬ 
sification errors, but may also include some truly 

deforested areas and natural gaps. The result is a Alcamo, J.. R. Leemans & E. Kreileman. 1998 Global 

, , , i . r i r Change Scenarios of the 21st Century: Kesulls from I he 

probable underestimate of edge forest. IMAGE 2.1 Model. Pergamon & Elsevier Science. Ox- 

In the Amazon example, 17,801 km 2 of forest is f orc j jj.K. 

within 300 meters of an edge (Table 2), the distance Archer, S. 1994. Woody planl encroachment in south¬ 
western grasslands and savannas: Rates, patterns and 
proximate causes. Pp. 39-45 in M. Vavra, W. A. Lav- 
cock & R. I). Pipper (editors). Ecological Implications 
of Livestock Herhivory in the West. The Society for 

j » 

Range Management. 
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